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FINAL  REPORT 


GRANT  #:  NOO 014- 9 4-1-0872 

PRINCIPAL  INVESTIGATOR:  Dr.  Christopher  W.  Clark 
INSTITUTION:  Cornell  University 

GRANT  TITLE:  Potential  Effects  of  LFS  on  Mysticete  Whales:  An  analysis 
of  Bioacoustic  Signals  from  lUSS  under  normal  and  conditions  of  human- 
made  acoustic  activity. 

AWARD  PERIOD:  6/15/94-2/15/97 

OBJECTIVE :  To  describe  seasonal  variations  in  acoustic  signals / 

distributions,  and  movements  for  blue,  finback,  and  minke  whales  in  the 
north  Atlantic  using  data  from  LANTIUSS  facilities.  Data  on  seasonal 
occurence  of  humpback  whales  {not  covered  in  original  proposal)  were 
also  analayzed.  Such  data  provide  an  essential  baseline  for  assessing 
impacts  of  man-made  low-frequency  sound  (LFS)  on  whales,  and  for^ 
evaluating  Navy  compliance  with  marine  mammal  protection  regulations. 


APPROACH:  Seasonal  and  geographic  variation  in  the  vocal  behaviors  of 

fin,  blue,  and  minke  whales  throughout  the  western  North  Atlantic  were 
characterized  using  data  collected  from  established  SOSUS  arrays  by  the 
Naval  Ocean  Processing  Facility  (NOPF)  at  Dam  Neck,  VA.  Studies 
focussed  principally  on  (1)  seasonal  and  geographic  occurence  of  whale 
vocalizations  throughout  the  North  Atlantic,  and  (2)  seasonal  and 
geographic  variation  in  the  structure  of  whale  vocalizations  (e.g., 
temporal  patterning  within  call  sequences  from  individual  whales) .  The 
data  used  in  these  studies  consisted  of:  (1)  data  forms  summarizing 
whale  detections  and  individual  whale  movements  across  array  beams,  as 
logged  by  Navy  personnel  at  NOPF  Dam  Neck,  and  (2)  beamformed  acoustic 
time  series  data.  Analysis  of  acoustic  data  relied  on  automatic  call- 
detection  algorithms  developed  for  this  and  a  previous  ONR  project. 


ACCOMPLISHMENILS,: 

Protocols  and  tools  for  data  collection  and  analysis:  We  established 
procedures  for  identifying,  locating,  and  tracking  individual  whales. 

developed  and  installed  versions  of  the  Advanced  Canary  workstation 
(Macintosh-based  scientific  digital  signal  processing  (DSP)  system)  ,  at 
NOPF  Dam  Neck  and  other  lUSS  facilities.  We  implemented  ref inements  to 
an  automated  whale  call  detection  algorithm  that  was  originally 
developed  under  a  previous  ONR  grant . 

Seasonal  and  geographic  variation  in  acoustic  detectionsj.  We 
accumulated  over  2 . 5  years  of  whale  detection  data  from  the  operational 
WESTLANT  SOSUS  arrays;  only  one  year  of  data  were  available  from  the 
Bermuda  arrays,  which  were  deactivated  in  November  1994.  From  these 
data  we  compiled  summaries  of  acoustic  detections  for  blue,  fin,  and 
minke  whales  over  much  of  the  western  North  Atlantic.  We  also  compiled 
detection  summaries  for  humpback  whales  for  this  same  region  (although 
humpbacks  were  not  included  in  the  original  proposal) -  All  four  species 
exhibit  annual  cycles  of  calling  (Figure  1) . 


Variation  in  acoustic  structure  of  whale  calls:  Acoustic  recordings 
from  the  three  focal  whale  species  (blue,  finback,  and  minke)  were 
systematically  collected  from  SOSUS  arrays  throughout  the  western  North 
Atlantic.  We  described  typical  sounds  from  blue,  finback,  and  minke 
whales  (Figure  2).  We  measured  temporal  and  frequency  characteristics 
of  call  sequences  from  213  finback  and  126  blue  whales,  and  looked  for 
patterns  of  geographic  and  seasonal  variation  in  these  parameters . 

Figure  3  illustrates  how  time  and  frequency  data  from  a  sequence  of 
calls  from  a  single  fin  whale  are  summarized, 

CONCLUSIONS :  Fin,  blue,  minke,  and  humpback  whales  all  exhibit  annual 

cycles  of  calling.  Peak  numbers  of  blue  and  finback  whales  occur  in 
December,  January,  and  February.  Minke  and  humpback  whales  follow  a 
similar  annual  pattern,  but  shifted  about  two  months  later,  with  their 
peak  vocal  activity  in  March  and  April.  These  seasonal  patterns  of 
calling  appear  to  be  the  same  throughout  the  western  half  of  the 
Atlantic  (from  Newfoundland  to  Puerto  Rico).  Fin,  blue,  and  minke 
whales  all  exhibit  modest  amounts  of  individual  variation  in  the 
temporal  and  frequency  characteristics  of  their  call  sequences.  For  the 
most  part,  these  variations  are  not  systematically  related  to  season  or 
location.  However,  in  fin  whales,  the  durations  of  pulse-sequences  and 
the  gaps  between  sequences  both  tend  to  be  shorter  at  higher  latitudes. 

SIGNIFICANCE:  The  whale  detection  data  collected  by  the  lUSS  have 

provided  us  with  the  first  ocean-scale  view  ever  compiled  of  the 
distribution  of  acoustic  activity  of  pelagic  whales.  The  analyses  of 
the  acoustic  time-series  data  have  provided  the  first  large-scale 
assessment  of  variability  in  the  acoustic  behavior  of  fin,  blue,  and 
minke  whales.  These  studies  are  unprecedented  both  in  their 
geographical  scope  and  in  the  level  of  detail  available  about  the 
acoustic  behavior  of  individual  whales.  They  demonstrate  the  unique 
power  of  existing  lUSS  assets  to  collect  large  quantities  of  acoustic 
data  on  numerous  individual  whales  across  a  vast  geographic  area.  Such 
studies  could  not  be  undertaken  without  access  to  lUSS  resources.  The 
information  on  ocean-scale  temporal  patterns  of  vocal  activity  could  be 
used  to  evaluate  and  minimize  potential  impacts  of  man-made  LFS  on 
acoustic  communication  in  the  four  whale  species  that  were  studied. 

Data  on  individual-scale  variation  in  acoustic  features  can  provide 
critical  baseline  information  for  use  in  future  studies  of  possible 
impact  of  human  activities  on  the  acoustic  behavior  of  whales. 

PATENT  INFORMATION:  None. 

AWARD  INFORMATION:  Promoted  to  Senior  Scientist-Senior  Scholar  at 
Cornell  University. 
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Figure  2.  Sound  spectrograms  of  typical  acoustic 
signals  from  four  species  of  baleen  whales  as  detected 
by  WESTLANT  SOSUS  arrays . 
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Figure  3.  Sample  plots  summarizing  frequency  and  temporal 
parameters  of  a  single  two-hour  sequence  of  calls  from  one 
finback  whale  as  recorded  on  a  WESTLANT  SOSUS  array. 
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